Abstract. In this paper, we study the higher-order correlation immunity and the higher nonlinearity of Boolean functions, which is constructed by dividing the set of n-variable independent into two parts. With the propagation of a Boolean function, we construct a class of Boolean functions with 1-order algebraic immunity and higher-order correlation immunity, and reveal the relationship between the correlation immunity and 1-degree annihilator of Boolean functions. Meanwhile, with the lowest algebraic degree annihilator of Boolean functions, we also derive the invariance of the nonlinearity of Boolean functions with higher correlation immunity, and prove the existence of a class of a Boolean function with higher nonlinearity.
Introduction
The properties of Boolean functions, such as the nature linear complexity, the nonlinearity, the proliferation, correlation immunity, algebraic immunity and so on, are necessary properties to resist a variety of cryptography password attacks [1~6] . Looking for Boolean functions with a variety of high index cryptographic properties of Boolean functions are cryptographic properties of the important research work task. The high nonlinearity of Boolean functions is important properties of affine cryptosystem resist attack. High nonlinearity of Boolean functions of existence and other issues are also important work [7~9] .
The correlation immunity of Boolean functions is a necessary property of cryptographic system to resist related attacks. The higher the order of Boolean functions' correlation immunity is, the stronger the ability of cryptosystems to resist the attacks. But except against the related attacks, the password system also needs to resist the linear attack, differential attack, algebraic attack and other attacks [1] . Except correlation immunity, Boolean functions also have a variety of other good cryptographic properties such as nonlinearity, diffusion, linear complexity, algebraic immunity [2~5] and so on. There tend to have mutual conditionality between these cryptographic properties, for example, between correlation immunity and algebraic there is a mutual restriction relation. Correlation immune order increased, linear complexity will be reduced. Therefore, the study of the relevant immunity is complex, we can not only consider improving the correlation immunity order, and a wide range of in-depth study should be done [1~5] .
Regulative relationship exists among some of the various cryptographic properties of Boolean functions. For example, the relationship between the order of correlation immunity and the algebraic is a relationship of mutual restricting, and the sum of both is no more than element number. Some cryptographic properties, such as diffusion and nonlinearity, both belong to the nonlinear properties functions should have to against linear attack. Thus, some properties of Boolean functions must be intrinsically linked with each other. In this paper, we will use the Boolean functions, which are constructed by dividing the set of n-variable independent into two parts, to study the relationship between correlation immunity order and diffusion of Boolean functions, and the relationship between correlation immunity order and annihilator of the lowest algebraic degree. And Boolean functions with higher-order correlation immunity are also tried to be found on the base of the relationship. Using 1-degree annihilator of Boolean functions to solve the nonlinearity of functions, and studying the relationship between correlation immunity order and nonlinearity of Boolean functions are our purposes, too.
Preliminaries

Definition
1:
For any arbitrary 
is a linear function. In this situation, Boolean functions ( ) f x was called a m-order correlation immune function.
Or for any arbitrary
is a Boolean function with correlation immunity order m. m was called order and CI is short for the correlation immunity. Besides, the correlation immunity of order m and the order of correlation immunity are both written as ( ) CI m .
Definition 3:
The derivative (partial derivative) of n-dimensional Boolean functions 
If 1  r , (3) turns into the derivative of 1 2 ( ) ( , , , )
for a single variable, which is denoted by ( )/ i df x dx ( 1,2, , ) i n   . As a result, the simplified form below can be easily derived. 
Definition 4: Let Boolean vectors α satisfying
is defined as the nonlinearity of ( ) f x .
Definition 6: For
The algebraic degree of the annihilators of the lowest algebraic degree in all nonzero annihilators of ( ) f x and1 ( ) f x  are called algebraic immunity order which is written as ( ( )) AI f x or ( ) AI f .
The higher correlation immunity order and nonlinearity of H Boolean functions which can be 2-decomposed
Linking the correlation immunity, nonlinearity, 1-degree annihilator of Boolean functions together, it is possible to find out whether constraints exist between correlation immunity order and nonlinearity, which kind of functions contains higher-order correlation immunity functions, and so on. The high-order correlation immunity, nonlinearity and 1-degree annihilator of H Boolean functions ( ) f x , which can be decomposed into the product of two functions, can be linked together. So we will discuss H Boolean functions, which can be 2-decomposed into the product of two functions, and its correlation immunity, algebraic immunity and nonlinearity.
Theorem 1 shows the features of ( ) R y and ( ) S z when H Boolean function ( ) f x is decomposed into a product of two functions, that is ( ) ( ) ( )
Theorem 1: Suppose Boolean function ( ) f x can be decomposed into the product of two functions, namely ( ) ( ) ( )
). Then the necessary and sufficient condition of ( ) f x are H Boolean functions is: deg ( ) deg ( ) 1
R y S z   . Theorem 1 will not be proved in detail. In Theorem 2, we discuss the correlation immunity of H Boolean function ( )
). The collection of all n-variable H Boolean functions ( ) ( ) ( )
Proof: For linear function x  , there are 
